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AI JstrncL. Wc rclmrt 1 S ( )  [,ong  \v:ivclcrl~tli Sl~cctroIJl-
clcr (1.WS)  oLseI vations o f  t h e  Sbc(s) pcc  g a l a x y
NGC 5713. We nave obtained strong cfctcctions of the finc-
structurc forlriddcn trar)sition.s [C II] 158 p[[l, [0 I] 63 Itrli,
arid  [C) III] 88 pm) and significant uljpcr Ii IIlits for [N II]
12’2 /JIII, [() III] 5’2 pIIIr  and [N III] 57 ~lri~. \Vc also detect
the galaxy’s dust continuum emission bclwccn 43 and 197
Inicrons.  “1’hc 80” half-power tmam dia~rlctcr of the l,WS
iust.rulncnt corresponds to roughly 11 kpc at. t}lc distance
of NGC 5713, and should thcrcforc collect the total crrlis-
sion from the galaxy.

‘1’hc [llcasurcrncilLs of tllc corlLirluulll  and tllc [C II] and
[0 I] line fluxes  have lrccn  combined Lo derive the trm]pcr-
aturc a n d  d e n s i t y  o f  t~lc warln atolnic gas surrotrrding
[Ilolecular clouds a[ld  tllc LJV flux illcidcrlt  on ttlc c louds ,
W C fllld Ilighcr  dcusitics and Iowcr  UV ffLIxcs in NGC 5713
than arc typical for starLrurst galaxies.

Key words :  Galaxies :  indiv idual /NGC 5713;  galaxies :
lSM; infrared: spectroscopy, galaxies

.$’cnd  oflprint rqucsta to: S. I,ord
* Bawd  on observations with 1S0, an KSA project wiLt]  in-
s t ruments  funded  by ltSA Member States (cs[)ccially  t}lc 1)1
countries: f+ancc  Germany, t}lc Nettler lands and the United
Kingdom) and wit}] the participation of ISAS and NASA

1. Illtrocluc.tiol]

W c  r e p o r t  t h e  first sl)cct.roscopic  observatiorls  froln  t h e
infrared Space C)bscrvatc)ry  ([S0; Kmslcr ct al. 1996) url-
dcr tllc US Guararltccd ‘1’irnc p r o j e c t  o n  LIIC irrlcrstcllar
rr)cdiurn of star- forr Ilirl~, galaxies (l[clou ct al. 1996) .  We
used  Lhc 1S0 I,WS  (Clcgg ct al. 1996) to rrlcasurc Lhc LO
tal flux in six transitions from NGC 5713, onc of approx-
irrlat.cly  sixty galaxies in Lhc project.

NGC 5 7 1 3  i s  a n  Sbc(s) p c c  g a l a x y  a t  a  rcdshift
c)f 1 8 8 3  km S-1 , irn~)lying  a  d i s t a n c e  o f  24 M p c  for
ll. = 75 krn S--l Mpc- r assurncd hcrcaftcr. It lias lnultiplc
spiral arlr]s which originate near t}lc ccntcr arid maintain
}rigll surface brig} ltncss for about 1/2 rcvolutiorl out to
30”. l~cyond  this radius, t}lcrc is only a single s[[iooth and
corlti[luous  arln of low surface brightums, earning L\lis sys-
Lcrn its “pee” lnorl)hological  latrcl. IltAS olrscrvations in-
dicate tlrc FWIIM of tllc 60 prll  crrlissioo  Lo bc lcss t h a n
60”  Wllilc t}lc optical disk cxtcrlds to 120” in diarllcLcr.
Active star forlnation is indicated by 1111 regions situated
orl Lhc inner arln fraglllcuts.

Wit}l  its intcrmcdiatc values of FI}t ]urninosi(,y  I,P1ll =

2 X 1010 I.~, and infrarccl-to blue lul]linosity  ratio of about
2, t}lis galaxy is relatively active in star forlr~atiorl,  L~loudl
not au cxtrclrlc “star-burst” systcrll. I’art of a small clus-
ter of  predominant ly  ]a tc- type  spi ra ls ,  NGC 5713  Inay
bc interacting with its neighbors, Lhc nearest of which,
NGC 5719,  IiC-s at, a projcctcd d i s t a n c e  o f  60 kpc. jlow-
cvcr, NGC~  5713  pos-scsscs  a fairly I O W  I,’] IL to molccujar
crnission ratio, llHR/IjCCr  < 25, M colnf)arcd to other in-
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Fig. ]. NGC 5713 1.WS a~ornic  fine structure lines

tcracti]l?, illtcrrilcdiat.c Iui[li[losity  SySkIIIS,  for which Lllc
r a t i o  i s  typicaliy  75. ‘1’llc l:Ilt/C~ r a t i o  fc~r NGC 5713
is ]Ilorc  c}laractcristic  of an isolated spiral (1’inncy  CL al.
1990).

2 .  OIJscrvatiolis mid Axltrlysis

NGC 5713 was observed during 1S0’s Pcrforlnancc Ver-
ification period using lIIC I.WS grating Iinc-nlodc A02’,
I,WS02,  wi th  tllc 80” FWIIM Lmaln of the I,WS cncorli-
p~ing  the c~,tirc  inf rared br ight  cent ra l  clisk. l;ach of

six  lines was ohcrvcd for a ti[~lc between 6 and 100 sec-
onds jwr s~>cctral ckmcnt.. All lines were u n r e s o l v e d  by
tl]c instrulncnt (SCC  I’igurc 1), with A/A.4  - 2 0 0 ,  a[]d tllc
dctcctcd lillcs  appeared at the cxpcctcd wavclcllgttis, ad-
justed for tllc galaxy’s rcdshift. Flux calibration included
ttlc application of in-orbit detector r~ponsivity values
II1OCIC1CKI  as a ful]ction  of ti~lle. I’ost-IJipclinc p r o c e s s i n g
was acc.oml]lis}lcd  with t.hc 1S0 Spectroscopy Analysis
l’ackagc, lSAI’,  s~mcifically  using the lhrthcrford Appleton
l,aboratory’rr  Graphic User Intcrfacc (ILAI.  GUI) designed
for the purljose. About  90% of the data were dctcrlnincd
to bc free of dctcclor gain drifts due to cownic  ray hits,
and wrm retained in the reduction. Mean and I[lcdian av-
eraging of the data taken at a given wavelength yielded
virtually idcutical results.. l,inc fluxes were dctcrmincd by
direct illtcgration of the profiles. U[)pcr  limits for the ttlrcc
Ilon-dclcctions arc the multil)licativc product. of 3 ti[ncs
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the rrlls of the sca[w  and a wavelength  i[itcrva!  cquai  10
tllc detector resolution c]crrIclit.

‘J’hc 1S0 I,WS colltinuuIll flux dc[lsitics deviate  sub
stantially fror]l  the s~>cctrurn cx[)cctcd  for NGC 5713 frotu
the  I1tAS  data assuri)illg a  superpos i t ion  of  Llackt>ody
ccnl~l)oncnts  (rJ’able 1). ‘lihcy arc 1.5 to 2 timca too hig;h
a t  shor t  wavelengths .  ‘1’his disagrcclncnt may h duc to
mis-calibration of tllc 1S0 data, either bccausc of ovcr-
cstinlatcd detector rcsponsivitics  or under-rxtimatcd dark
cutrcnb. Irl the first case tllc line fluxes would sufIcr  the
sarhc overestimation as the continuum, whereas in the sec-
ond  they would Lc r]lorc  accurate than the continuum. In
ttlc absmicc ofcollclusivc cvidcncc as 10 its cause, this dis-
agrccI1lcllt was used  to bound t}Ic unccrtainty,on the l,WS
ffuxcs  by co]]sidcring three J)OSSibilitiCS:  (1) all I,WS d a t a
arc correct S.S rcduccd; (2) both continuunl and Ii[kc fluxes
frolll l,WS Ilavc  to trc scaled so the corltinuuril agrees with
tllc I1tAS-based c.stimatcs; and (3) l,WS  Iinc  ffuxcs  arc cor-
rect, but the continuum is given by the lRAS cstirnatw.
The three sets of values were carried through the subse
qucnt analysis, and yielded the ranges plotted in }?ig. 2, 3
and 4.

‘1’hc statistical errors fol the line ffuxcs  of the dctcctcd
lines were relatively sillall: lCSS than 5% for the t.hrcc  de
tcctions. liowcvcr, the  uncer ta in ty  ctiscusscd  in the I]rc-
ccding paragraph do[ninatm, and alnounts to 30% for ttlc
CI1 line and a factor of 2 for the 01 Iinc.
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‘J’i{l)l{> 1 .  N(;(; 5713 Sl,WtTOS~I)j,jI  }{cw]lts Trolll I,WS OI,SCI -

[0111]  5 1 . 8 <5.6 3G 14
[NIII]  5 7 . 3 <1.0 37 17
[01] G3.2 3.1 43 20

[0111] 88.4 2.4 54 32
[Nil] 121.9 <1.5 44 43
[CI1] 157.7 8.3 49 39

a ‘1’}lc  ol>scrvcd 1S0 continuum fll]x density and the
prrdictcd coltinuum  flux density bawd on lRAS
mcasur  cmrvlts.
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3 .  l>l]ysic.$il  Collditio]ls

‘1’tle dctcctccl Iillc  fluxes (“lhblc 1) arc witllill tile ra~lgc  01)
served I)y tl)c K uipcr Airborne Ol)scrvatory ill active star-
forli~illg  galaxies (Figures 2- 4): ‘l}IIC  [01] and [C1l]  fluxes
ill NGC 5713  arc scwcral  par ts  per  tl~ousand of the FI It
continuulll,  arid  tlic lirlc-to-coIltirl(lull~  ratios for I,tle three
dctcctcd lines arc within a factor of three of tile values
otwcrvcd in M82  (I,ord ct al. 1996a). As clctailcd b e l o w
llowcvcr, a closer look rc.veals significant diffcrcnccs l)c-
twcml  NGC 5713  Mlcl ~)rcviously  studiccl  star-burst galax-
ies.  111 cc)llll)arison to the 1(A(3 facility b~kgrou~ld-lilllitccl
it]strulncnt sc~lsitivitics  (e.g. ]’;rickson  ct al. 1995), these
ohscrvations  with tllc 1S0 I,wS Iiave  rcachcd about 5- 10
tilllcs 10WCX  flux lCVCIS, particularly t,ctwccn 51 and 88 pIII.

Fig. 2. ISO/I,WS  NGC  5713 results cornparcd  with KAO sanl-
ple of 1 }{-bright galaxies (lard et al. 199Gb) showing [01] 63
pm vs. Fllt cord, inuum. “1’hc three data points s}lown  for N(2C
5713 corresl}orld to the thtec ca~cs discuwcd  in $2, 0 for case
(1); @ for case (2); and Q) for caw (3).

Fig,.  3. /Cll] 158 pm vs. 1“11{ continuum. Scc Fig. 2 captiorl.

Fig. 4. [01
t,ior).

1985). In I

1] M Ilnl vs. FIR  continuun~. Sce also Fig. 2 cap

GC 5713, the ([C II]+[ol])/I$IIL ratio is high,
bctwicn 0.6 and 0.7~o. “J’his indicates a relatively hi~h ra-

.7

tio of the ato[[~ic  gas density, n, to UV illulnination, Go,
where Go is tl]c UV radiation field strcrlgth measured in
u[lits of !,lIc local interstellar radiation field of the Nfilky
W a y .  F o r  this l(’IIt  line to continuuln ratio, n/cJ~ = 50.
‘1’hc 1“1 lL l ine  to  col]tinuu]ll  ratio lncasurccl in the star-
burst galaxies sl]owll  iu Figure 2 range frolll 0.2 to 0.7Y0,
with a ~llcdian  VdLIC  of (). !jyo,  and a corresponding ratio
n/ G’. z 15. ‘1’llc [C 11]/[01]  ratio irl NGC 5713 is bcl,wccn
3 a[ld  5, which is distinctly hig]lcr than irl starburst sys-
tcllm, where  this ratio is typically CIOSC to 1.0 (l,ord ct
al. 1996L).  For NGC 5713, the atolnic line ratio and t,hc
line to colltinuui[]  ratio arc consistent with regions of high
atomic gas density, log(n) * 4.2 and low UV  illumination,
]O~(~o) w 2.8.

Irl tllc dolnaill of low Go, (log(Go) < 3.0), atolnic. gas
lm[lpcraturcs  cau bc l o w , T< 200 K, and the upper [01]
cllcrgy s t a t e  (AE/K - 280 K) dcr~opulatcs Irlorc rapidly
than the [C ]l]up~)cr energy state (AT(;/1{  w 901{), yielding

Wc interpret the [0 I] and [C 11] lines irl tllc context of high CII/(.)1 ratios. In regions wit}l Iligll atolnic gas hcat-
l)llotodissociation reg ion  Iuodcls (Wolfirc, ‘1’iclcns, & 11o1- ing froln pllotocjcctcd electrons is cfficicnt bccausc h i g h
lcl~bacl) 1990,  }Icrcaftcr W’]’] 1, arid  ‘1’iclcns &, I IollcnLsach dcllsitics grai[ls rallain ICSS positivc]y  cl]argcd.

,..



ltisi,lstJ} )ossil)lctl latw, illlil)ll[cN(; C b713disli, adif

fUSC  [~a> f’(~IIIIJoII[’IIt LxJiLti-ilJut,[~ ~;]] []UX aIId that I,llis i s
ill IJarl rcslmusiblc f o r  tllc higtl  C1l/01 ratio sccn. ‘J’tIc’01

tr~nsitioll l)as  a lliglj  cr i t ical  dcl)fiity,  rlcr~bx IOs. cn]-,s,
almvc w!iir]l  collisiollal  dc-cxcitatioll [JCCOIJICS  ill)~wrtallt,
and so llfp,li  ~;il)lc( :c~]ltril)lltioll  is [,xl)cctcd  fro]]} diflus(.  j~a.s
rcgiolw.  14;VCJ) t]lougl)  LIIC CII/0~ ratio IIIay h affcctcd,

IIlost likely tlIc  (; II/l~llt ratio ill diffuse rcgior)s  is  silllilar
totliat ill ]'])li.s alldsot~lc (CII+C)I )/I~llL  will ~~caflccLc(l
Icas. (,)ur 1 S ( )  l)rogrwll itlcludcs ascrics of [C II] olJscrva-
f,ious of diflusc gas rcgiolls ill Ilcarl)y  galaxies  wtlicll  w i l l
tes t  tl]is Ilyl)otllcsis.

W c  llavc  IIlcrdclcd tllc iorlized  coli]por~cnt  oft,llc IShf
i]] this ~;alaxy usill{;t~lc  ]1]1 rcgiorl  ]llodc]sof  ILubi[! CL ii].
(1 991). IIy co[[lparing  clllissiorl  lines  of the sarnc clcIIIcIIt,

w c  cwt (Iclmrilli[lc  L]lc clcctrorl density, ri~, ill tllcsc rc?,iolis
tuid lI)c  cffcctivc tc]fllwral, urc, ‘l’cff, of lllc iol]ix,illg s[ars,

arid do so illdclx’lldcIltly of ally c]c IIict Ltal aburldallcc a.s-
sullll)(iol)s,

‘J’llcu})l)cl  lilllitc >lktllc[( )lll]881! lrl/[()ll l] f)2jl1rlfl~lx
r a t i o  o f  ().43 collsLrfiilis  Lilt tyl)iczl 1! 11 rcgioli  clcctru[l
dcllsity to rlc<  IOsa[i’s, wllicll  i s  witllirl t}lc cxl)cc(rd

rarlgc for Ilorlllal 11 11 regions.
‘1’lic [N]l I]/[N]I] r a t i o  l)rolx.x tllc ir]axi]llulri  cfl’cctive

stcl]ar Lcl]l}wral,urc  ill tlIc 11 II rc[~iolls, “1’akirlg  Ltlc NT III
5’7 pill rcsull as a tmlalive 3.4 0 dctcctioli, tllcii LIIC u~)-
l)cr lilliit [N II I]/[N ]]] < 0.67 givcsrl’eff<  36,000” 1( (11.w
bill c 1  al. 1991)} corrcslmlldillg  to a 20hfc, ul)lwr  Iilrlil
to t]Ic  stc]]ar IIIass  distril)utio]l. \$’c IIotc  Lliis rc.su]t  is
coI&LcllL with t]lc flrldirlgs  o f  l)ollcrty cl, al. (1995)  f o r
NC; C571 J{, wll()~lsc  tllcirlllcasllrc(l ~':il~lcoftllcllcl  (2.058
l/1)1 )/Ilr7raLic~ c) f0.32 for tilis~alaxytocc)rlstraill LilcLyl)-
icxd ‘l’e{[. I)ci)clldirlg oIl Lllc prirllordizrl  hcliu[ll a b u n d a n c e
a[)d 1111  rcgioll  clcctroll tc[lLl)craLurc  assulllccf,  they find a
‘I’efl ra!lgcl)ctwcm 35,000  arid 37,5001{ for NGC 5713.

Wc colllrast o u r  rcsu]ts wit]] l,llosc found Usitlg l,lIc

1S0  I,WS for l}ic collisiollal  Kalaxy  systclll NGC 4 0 3 8 / 3 9
(Fiscllcr et al, 1 9 9 6 ) .  IJiscl]cr  ct al. fit,d .aUV field w i t h
Iog(Go) M hip,ll M 3 . 5 , wtlicll  is all order of lnagllitudc
hig]lcr Lliall w]IaL wcfi IId ill NGC5713.  rl’llis IIigller  v a l u e
of~;O  is Lyl)ical for Illodcratc star- [)ursts alld  is co]lsistcllt
wi th  otllcr tracers of strong star forl))atiorl activity SCCII
ill N(; C 4038/39.

‘1.

1.

2.

3.

Ccsllc.lusiorls

‘J’l)c dctcctcd lillcs  IIavc  flux values (witllill  ullccrLairl-
t,ics) t~lat  arc co~lsistcllt  witl]  tllcir origin irl p]lotodis-
sociatioll rcgiolls ([C I]] 158 /tin, [0 I ] 63 lun) arid ioll-
izcd rcgiolls ([0 I]]] 88 Iirll). ‘J’IIc l,\VS  dctcc.tioris rcacll
5- 10 ti]nes fairrl,cr  fluxes tlian acllicvcd OIL tllc l{AO.
‘J’l)c [C II] clllission is uncx})cctrxlly  stro[lg: about 0.6%,
of Llic lrl}t colltinuulil.
Pllotodissociatioll regions ill NGC 5713 tclld toward
low (J\~ il]ull)i[)atio])  o f  tllc atoll)ic gas, Iog(c;o) - z.~,

ZUid lli~li atoll]ic gas dcnsily, log(~l) N 4 .2 .  I’ior c o I i l -

4.

I)arisoll, Lyl,ical  slari)urst [(ii]itxi~ti ]IaVC log([;O)  _ ~~.~}
all(l tllc illllcr  5 I)C o f  l,llc (;alactic C;crll,cr cxl)il)it,s

Ibg((lO)  = 4 . 9  “(W’J’11). ..,$. .

‘J’JIc.[~ III] 8 8  pill f l u x  ailcl kc ~0 IIi] 52 .p~ll’ur)I)cr IIll;it .
it)dicatc al] 11 II rep;ioll clcctroll dcnsily, rle< 103 CII1- “,
irl(licativc  of Jlorlllal 11 II rcgiorls.  \Jsing tllc u[)pcr  lill)it,
of tlic ior]iml !iitrogcn lillc  r a t i o ,  all(l f,akirlg tllc 57
1~1]1  a s  a l)ossil)lc  3 . 4  a dctcctiori,  [N [J]/[N  III] < 1.2
g i v e s  ml ul)l)cr  ]irnit L o  t]lc rIlaxilllulll cflkctivc  stcl-
Iar tcrll~)craturc  of s t a r s  irl I,llcsc rc~iom,  ‘l’em, V.ritll
7:fr <36,000 K.
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